Graphitic carbon nanocoils with a high degree of crystallinity have been synthesized by using as intermediates hydrothermally carbonized samples (here denoted as hydrochar) obtained from three representative saccharides (glucose, sucrose and starch).
Introduction
Since the discovery of carbon nanotubes by Iijima [1] , much attention has been paid to the design of nanostructured carbon materials with graphitic framework structures.
As a result a wide variety of structures including nanotubes [1, 2] , nanofibers [2, 3] , nanocapsules [4, 5] , nanocoils [6] [7] [8] [9] , nanoballs [10] , onions [11] nanocones [12] and single-wall nanohorns [13] , have been developed. The unique chemical and physical properties of these carbon materials make them suitable for a wide range of applications such as the storage and production of energy [3, 7] , as electron field emitters [14] , catalyst supports [2] , nanocomposites [15] and even for drug delivery [16] .
The conventional methods of synthesis used to produce nanostructured carbon materials include laser vaporization [17] , plasma and thermally enhanced chemical vapour deposition (CVD) [12] and arc discharge [11] . However, these methods require very high temperatures (arc discharge: 5000-20000ºC, laser vaporization: 4000-5000ºC), which makes them costly and complex in terms of scalability. There is therefore growing interest in the development of low-cost and simple synthesis processes. To this end, the use of certain transition metals or their inorganic compounds to promote graphitization at lower temperatures represents an attractive alternative. This process, which is known as catalytic graphitization, has already been extensively studied [18, 19] . Its main advantage is that both graphitizing and non-graphitizing carbons can be transformed into crystalline materials at relatively low temperatures (T < 1000ºC), whereas uncatalysed graphitization requires the use of temperatures greater than 2000-2500ºC and carbon precursors that have graphitizable properties. We have previously investigated the catalytic graphitization of several low-cost and widely available carbon precursors, such as sawdust [20] and saccharides [21] . In the course of our investigation a variety of graphitic carbon nanostructures, sometimes coexisting in 3 the same sample (i.e. nanocapsules, nanoribbons, bamboo-like nanopipes and nanocoils), were synthesized. Amorphous carbon microcoils/nanocoils have been previously synthesized by the catalytic chemical vapor deposition of acetylene [6] [7] [8] [9] 22] .
However, to the best of our knowledge, the low-temperature synthesis of graphitic carbon nanoparticles with a coil morphology has not yet been reported. In this work, we present a novel and easy synthesis route to obtain graphitic carbon nanocoils at a moderate temperature (900ºC). The methodology is based on using as carbon precursors hydrochar microspheres obtained by the hydrothermal carbonization of saccharides with nickel as the graphitization catalyst. Our hypothesis is that the hydrochar microspheres constitute a suitable carbon precursor if one takes into account the high concentration of surface oxygen functional groups (>C=O, -OH, -COOH, etc) [23] , which will favor the dispersion of the nickel catalyst when this is incorporated into the carbonaceous microspheres. The dispersion of the nickel catalyst is important for obtaining high graphitic carbon yields and uniform carbon nanostructures.
In relation to the potential applications of the carbon nanocoils fabricated according to the procedure here presented, it is worth noting that in a previous work we demonstrated that these graphitic nanostructures constitute excellent supports for PtRu nanoparticles for methanol electrooxidation, exceeding the performance of the electrocatalyst prepared with the commonly used carbon support Vulcan XC-72R [24] .
Whereas the preceding work was focused on the employ of the carbon nanocoils as electrocatalyst supports, here we examine in detail the synthetic route used to prepare these nanostructures from different types of saccharides and their structural properties. 
Experimental

Synthesis of graphitic carbon nanocoils (GCNC)
As a first step in our synthesis scheme, hydrochar microspheres were prepared by a hydrothermal method as reported previously [23] 
Characterization of materials
Adsorption measurements of the samples were performed using a Micromeritics 
Results and discussion
In order to investigate the chemical transformations occurring during the heat treatment of the nickel impregnated samples, we examined the changes in structural properties of samples obtained at different temperatures. Thus, Figure 1 shows the XRD spectra for the materials prepared at temperatures in the 300-900ºC range. The XRD pattern corresponding to an impregnated sample treated at 300ºC clearly reveals the Catalytic graphitization takes place via the interaction between the nickel nanoparticles and the amorphous carbon surrounding them. During this process, the metallic nanoparticles move through the amorphous carbon, leaving behind a track of graphitic carbon in accordance with a dissolution-precipitation mechanism [18, 19, 26] . This is evidenced by the TEM images shown in Figures 3a and 3b , where the trajectory followed by the Ni nanoparticles is marked with an arrow. These graphitic nanostructures are immersed in a matrix of amorphous carbon as evidenced by the TEM image in Figure 3c . The amorphous carbon acts as a binder, as a result of which the original spherical morphology of the hydrochar precursor is preserved. This is clear from the SEM image in Figure 3d . The spherules contract only slightly during the carbonization/graphitization process (see Table 1 ). The oxidation process leads to the dissolution of the amorphous carbon which surrounds the graphitic nanostructures, causing the spherical particles to disintegrate. As a consequence, the carbon material obtained after the oxidation step appears as an aggregate of nanoparticles (see Figure   3e ). These nanoparticles have a coil morphology, as can be seen from the TEM images Table 1 ). The values obtained for d 002 are larger than the value corresponding to graphite (0.335 nm) suggesting that some distortion has occurred in the stacking of the graphene layers (turbostratic order) [27] . In all cases, the size of the graphite microcrystallites along the basal plane is larger than the size of the graphite microcrystallites perpendicular to the basal plane (L a > L c ), which suggests that the incorporation of new carbon atoms into the already existing graphitic layers is favoured over the formation of new graphitic layers [28] . Typical Raman spectra of the GCNs are shown in Figure 5b . Intense and narrow G (associated to the E 2 g 2 vibrational mode of sp 2 bonded carbon atoms) (~ 1565-1580 cm -1 ) and G' (~ 2680-2700 cm -1 ) bands are observed in the first-and second-order Raman spectra respectively, indicating a high biand tridimensional order [29] . The relatively high intensity of the D band (related to imperfections in the graphitic sp 2 carbon structures) (~ 1342-1353 cm -1 ), which leads to values of I D /I G ~ 1, can be attributed to the distortion of the GCNs, which affects the degree of crystallite orientation (edge/basal plane proportion) and therefore the Raman 9 measurements [30] [31] [32] . It is important to emphasize the absence of the D" band at ~1500 cm -1 , attributed to the presence of amorphous carbon [33] [34] [35] .
Representative nitrogen sorption isotherms corresponding to the graphitized samples before and after the removal of amorphous carbon are shown in Figures 6a and 6b respectively. It can be seen that before the amorphous carbon is removed, the material exhibits a type IV isotherm with a H2 hysteresis loop. This is indicative of the presence 
Conclusions
In summary, a new and simple procedure for the fabrication of graphitic carbon nanocoils is presented. This synthesis method is based on using as carbon precursor 
